51

test crosses of plants 6452-3, 6453=3, and 6l,53-9 devieated very much
from 1 : 1 and with plant 6,53-9, marked differences in ratio of these

o
two phenotypes were expressed on ears produced £rom diffe-ent parts of this

% plant, Nevertheless, it was clear that some chromosomal comronent,
dév present in the alm’%,carrying plantsland not linked to this locus, was
::’.Y:
§ § kzming segregated at meiosis and that the expression of'ﬁuhniformly pale
-
2‘1 class of kernels and éﬂ%1¢ass showing deep19 pigmented spots in a colorless
?f i backgroudd was relcted to the presence or the absence of this component.
v . . m-1 b d%o
L Since in the grandpsrent (5719A-1), in the two 8, «parent plants, and in
s A
4 .
2 oAbt @
- all plants of cultures 6452 and 6453, variegation was exppessed, it seemed
LD‘

evident that the presence of this ccmponent in the chromosome complement

- - uakadt bt wioe

bhpﬂNU“WMQ” Cd&&ébaﬂﬁaﬁ?‘J 4”5’ AmuuluﬂbM

was related tb\variegatiogﬂandhits absenceAta the apvcirance of the pale
A .

phenotype,

As stated earlier, none of the kernels on the XRXRXEXREX sars

m-1 -

derived from test crosses with the ay . plants grown in the summ r of
1951 hod been examined csrefully up to this time, When it was

realired

that the ratio of kernel types apwnearing on the ears of plants entered in

Jadiossed WL Qelal T &wﬁmﬁgw%
teble 3 rmxxmxmmka® segregation of an indenendently located element in-—the
N
.. a4 oAl £
chromosome.- complementassosiatedwith—

r, the kernels

on ears produced by test crosses of »lants in the pa‘ent culture, 60u®ﬂﬂ*
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autih an

were then examined, More direct evidence of the prcsence of this element

- uvptgﬂél@
ﬁgg&nﬁiic

l ’ M !. - 3 . -W‘
was obtained, rerrliah.s Tound to be 1° nked in gome pla 1)

— v /

ﬁmdmhﬂ, o ' .
marker, y, in chromosome 6 (Y, yellow ebdrch in endosperm; y, recessive
A
.  boH'l,
allele, white starch in endosvcerm), . The plants in tis cultur%iwere
.

derived from kcrnels on ar ear produced by the cross of ﬁwpiaﬁ% homozyvgous

A

for aj % and R 37 plant 5719A-1, winich was al m-1 Shy/aq Shz’ Y/y; onssmed
le

inCC oj" tu M\‘_Qm(‘” ﬂ}u&/ L0

SomevkerneWS e varlegated ) ¥ edass Oon this ear wewe sown in the

surmer of 1951 under A of culture 607, Others that were v riegated}bﬁdr

B w0ty arondy (§) o \oone

A

Gati oo

arte

1352l ,‘%3jf(¥'i;!{ A7

Y
et

{

[

wome sown under B and C of culture 60LT,. Innadditéen,‘%ariegated kernels

x £ Yep
e U ML
thot were Y uwere celected from the ezr produced bw sel-pollination of plant

(A, table 2)
S719A- l/and sBown under B and C of culture 6046, All plants in cultures

6046 and 60L7 received some tvype of ted by means of crosses to —“lants of

by wsenof, LothiGgps q BT shacolips

known congtrtutuonﬁ e= by self-pollination, or be¥h, The krrnel t=pes on

homozygecus for
ears obtained by crosses of these plants to plants that were/al, sh2 and ¥y

en¢tered in column 1
are given in table L, ALl plants/in'this table were a;™" -1 Shy/ay Sho,.
Those in Part I were Y/y whereas those in Part II were y/¥.
In Part I of table L, a ratio of 1 plAde to 1 variegated kernel

among, those showing nigment H&ﬁ:ééggggégg among —theRerugts on ears

produced from crosses conducted with plants 6046B-1 and 60l 7A-3,
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Linkage of the pale phenotype with Y and the variegated phenotvpe with y

is clearly expressed by the test with plant 60 6B-1, In plant 60l 7A=-3,
these linkcge relations were reversed; the pale phenotipe was linked with y
and the variegated phenot -pe with Y, The ratio of kernel tvpes obtained

from tests of the other plants in Part I of table Il indicated that each
controlllng e
carried more than one o@-%aés&ﬂdapeaéeﬁt/element yst
Wan Lunhsd
In plants 60L6B=3 and 60l6C-2, Limkurmsof one of the¥n a&aa=n£5'with Y,ia

exident but in plant 60l 7A-1, no evidence o such 11rkfge E=3 gﬁewn.

— The/vlants in Part II of table L were all y/y in constitution and
vl Gty avaddier Ma,cugumb
thus no linkage relationships/could be shown by ther. llevertheless, the

evidence suggested the presence of more than one inderendently located

controlling element in all plants except 6047Ced. |The plants in culture

onthy Can
6452 (table 3) originated from the y class of variegated kernels produced
1
by the cross of plant 6047A-3 entéred in table L. According to th fe

(o oA M wug \W) d\\\pwv Lor,

dot R rrrieie, s This plant had only ﬁvghdependent controlling

element and it was located in the Y carrying chromosome, Thg@lants in
ohfhpﬁéfw
culture 6153 originated from the wuriegated class of kernels produced “rom
A
the test cross of plant 60L7C-l, table l., The ratio of kernel twpes

g

or—i65—test—rress ear suggested the presence in this plant of two
i : A DA &
of—the -tndewendent controlling elements, each & g different location in

A



the chromosome complement, Selection of~+{the—y—etess—of variegatod kernels
dﬂﬁﬂﬁ%;@&

was made in order that the color of the anthocyanin pigment in the aleuronse
layer in kernels on ears ofhlants derived from them would be ex ressed on a

white rather than a deep-yellow background., As stated earlier, the only

+

purrose of thgf test had been to determine crossing over between almpl and

Shz.

From the ratio of kernel types given in table L, and from those obtained

from self-pollination and from the test cross of plant 5719A-1lﬂA and C of

table éL it would apoear that plant 5719A-~1 had more than one indentmaensly

Mo,
leetmd controlling element  amet—thet bhe of them occuppied a position in

its y bearing chromosome 6,

o Og(nmm}“myﬁabmW, .

ﬁ +The plants in cluture 6&5&{ table 3) arose from variegated kernels on
$ - whulh et otee tya st { bypeed T,

. the ear of plant 60 7A-3 whose kermel—trpes—are-—eon -égb%a%&ew& ‘Ihese
by w fos pu53-

? i plants would be expected to have only one bsd controlling
P A .

o At 187

b
t::* element, T.is appezred to be %rue for all plants except plant 3, The

S A =

N A

plants in culture 6§53, table 3, arose from variegated kernels on the ear

whdt lod oo ond by oussly

produced by plant 60&70-)’ NP TIRNE,
T A0 Rousteully 20T wn thu W)WW‘W
bT’I‘henlants in culture 6453 wonld\ﬁhe efore be expected to have either one or

ke, wh
el W g |
two of#Hhre—independently leested controlling elenent AsAtable 3 i 5

/u)&j?,n’ !e b

Wwrw- o

Rxufxknmx9x seven of the nine plants in this culture had one such element
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- oo '

but the remaining Z, plant 3 and plant 9, h:d more than one_ such—element
A A

amd the ratio of kernel types on ears produced by different parts of plant 9
o} Up

suggested that the number of this element was not the same in a11 part , ef

. bl thins
thespians, It was suspected from this that the—&nde&endent&¥~¥gé&%ed

e efirisoy
element could undergo transposition in somatic cells and that this was

: 1
b b et , -
ettt cod pat
A

responsible for the observed

B, Initial evidence sugmessine the prim ry mode of operation

of the independently located controlling clement in

the a;™ 1 system j-ngp %%VLQW‘I-JWWL \

m—
The mode of control of aj 1 acbion induced by the independently
located element of the system, whose discovery was outlined above, was not

appreciated until the results of tests made in the summ~r of 1953 were

=
i

analysed, From them, a reasonable interpretation‘could be drawn,oﬁ—ixe

5

vitopehlim o
nede—of—operation, With tqls in mind, all test cross ears that had been =~
peoduced in the summer of 1951 were then carefully examined, The g

A NS

toed gy oncel X

evidence obtained from them fid +teety with this interpretation, >
Wwtes paenibs | e, 't otiymp Qe Loy C‘;‘?jj}a awborgg vadou
Thi - : - prickse test1 af—tihrte—that-shorTd " —meabe *3

and these wore conductsd in the summer of 195), Before these tests are <

RJmﬂfikﬁvu

considered, the evidence 1 the wmode of

o ISEIIY {muvx _Qm T LA SRR 1y o Ay “

operation of the independently located contolling element will be outlined,
A

bhriefiys
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Due to unforseen conditions,the total planting during the summer of
1953 hnd to be restricted, Space was available for only a fraction of the
number of plants usually grown in the summer season, For this reason,
Mee] VB .
study of ag was xxxxk%ggg limited, prev¥erence being given to other

projects then under investigation, The—reascn—tha%:Lhesdecision Wes—Fede

. R

<
limit study of alm’l was dictated by the fact that up to this tinme,

prpdiesd

many of the testclross ears mamduxim ebteained- il Tests conaUrterd—in the

to
A\

\
summer of 1951 had not yet been exmmined and Tistle was readtdmy known of the

e Lowgl
behavior of ay . It was decided, then, to 33 its study to an
mx,m,&l/b“”v OJM’
examination of the position? of the independently located element in the
A

system in the progeny obtained from plant 6047C-2 e#{table h))and to

of ke nels
the paaats derived from the pale class/in the progeny of plant 60l6C-l .

this latter vlant had been derived from a variegated kernel on the self-

R, of plant 60LFC-§
pollinated ear of plant 5719A-1 (table 2). Ipe constitution/was
/\ N

- m-
alm 1 Sho/aq éh2! Y/y, pr/pr/. The ear from which the pale kernelg were
mfhmt&ﬂﬂx. ow s £a-. e wet
selected had been produced by self-pollinationfmf  Fe—gaws—wiss=Ho 06

‘&MMEK 1 Wm\ﬁmbw@c uniformly

B8 8 35/p116 colored kesrnels of which

kernelq

33 were ¥ and 2 were y and to 371 kernels that had deeply-pigmented spots

in a colorless background and 267 of these we e Y and 104 were y, Twenty

dod W | d,wmu& M R o T8 3
pale kornels were selectcd from this ear and padints grown from them under
A A



Wb R.f),\} {ff ‘éd
culture number 6628, The gecision to select Eéle kernels ferem=—$aie—ear
: ' . \ A
wﬁuh,&hlﬂkUQQv _ hath
was because the plant was homozygous for a; and thus eeeh chromosomes3

/
o O ool dnind fpow o pals Duup - .
should carry a derivitabe of al . It was desired to examine the behewtor

A
BV oot s Loedh (iéwuww'z

of<errit-—oaf tnese—derlvatlve;41nxxxkaxpxmgxmxxdxxxxndxﬁxxmxtxxxxzxmxxxnﬂ

Therefore the nlants derived from the pale kesrnels were tested for this

wad | g b W s ﬂf&ligi
. , Bl
by crosses with nlants homogyvgous for al,,sh2 and yg‘“ﬁ’l At a A

uqﬁausuﬁdﬁU’P”mewd&w
Plant 6047C=2, tao blely, had the constitution Al m-1 Sh2/a1 Sh,,, pr/pr,

An ear of this plant a paanb

and Y/y, xx/had been crossed by mme/that was homozygous for a;, sh,, ¥

-

and he@-Pp,in one chromosome 5 and pr in its homologue., The trpes of

kernels appearing on the resulting ear, given in table l, suggested that

trwh AL
plant 60L7C-2 h-d one of-_the i~dependertly 1ocated4elementq of—the a.
the Uy o
system In mmmxafxkks Y bearing chromcsorne and, in addition, two others locatec
A

elesewhere in the chromosome comulement, Ten kernels in the variegated,

Y, Pr class and ten othecr in the variegat:-d, y,Pr class were selected and

bl Neorly
sown in the surmmer of 1953 under culture number s 66294 and B, /All the
A

ears produced b> the plants derived “rom these kernels were used in crosses

ﬁu@%?%qﬁ
with plants that were hceiozygous for aq, sh2 and y. Two stocks were vl

for this}but thelr constitution with resrvect to the Pr alleles was not then

known, Tests conducted with them indicated that one stﬁock was Pr/Pr and

. of the tester stocks
the other pr/pr. The need for knowning the const’tuticry/wit.. respect to
P ,

dag P il
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-
an AN !

will be evident shortly, @& few ezrs of plants in culture 5629 were
A

either self-pollinated or sib crossed.
The phenotrpes of kernels on the esrs of plants in culture 66294,
vroduced by the test cross, are entered in table &, Again, it will be

between the kernels carrylng T
noted thet thewe is very close linkage gf the SmxxmhEmakxmmExwIERXmXEmERE

mErkuxx Sy Sh marker and those exhibiting pigment, Formonei—ians,

ghe position of the ear on Hes plant is 1ndlcqted. 1t & 11 bqhoted that on
A N
et ofod
e errs of plants A-2, A-5, and A-8, and on the first ecar of the main

X
stalk oﬁplant A-7, thexe-was a ratio of t#;hle ke nel to ﬂ variegatsd kerneih

un-”””“ anthocysnin clgmvnt
q8mong the mmxmx bearing classes, and that the pale phenotyre was linked with

Y whemeas the variegated phenotyre was linked with y. To facilitate ready

appreciation of this, the pienot;pes of the pigment bearing classes of kernel:
drgagd
The watmelofkernel typed fntered i

on these ears are entcred in table 6. / ©n the remaining ears mETEable 5,

a more re dy aprreciation of
ratios qnq for xxnxnnxznxxxmfxxiinxxxxxxmg this, xmzx=m

exhibited other

the mambers ofW:nrnels
are entered in tuble 7, t would a apvc T

ale and verlegated mkaxxmx in the ¥ and y clac:
rom these ratios that rore

than one inde endently located controlling elerent wos pr eseﬂt in nl nts

D

LY

A-2, A-5 and A-8, Linkage of s pale edmms with Y was g the—xotlios

the—peale—eodEn=es
Hebee-class—of-kerneds on the ez obbtained from plant A-8 but on none of the

other ears was there good evidence of this, The ratio of kernel tvpes on

the e~r vroduced by the tiller of nlant A-7 was very aberrant, ses Ehly L
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variegatcd kernels apnenied among the total of 112 that had anthocyenin in
) " ¥
themn, From the r-tioxof Sh.2 to sh2 on this ear, it was clear bthat tre o
14\‘
" ;\,H’N . RN
was no deficiehy in trnsmission of the alm’l bearing chromosomet}ﬁgli“ﬁ“ﬁ
; !
gl owp-
The types of kernels appecring on the enrs sredused-bx plants in B
Afhdu;ml“k
of culture 6629, fellowins the test cross with plants that we e homozvgous

H L
ot b
for a,, sh, and y, are entered in toble 8, An apnroximate L : I ratio
i
of pale to variegatcd kernels was expressed on the escrs preduesd—by plants

o Wi moan At b
B-1, B-3, B-lj, B-7, and B-10 and on &h®€ first ea?«of B-%5. fn the remaining

10 earg}whose kernel types are entered in this table, other ratios of these
% Wey ol
two classcs of kernels were ekpressed., Un several ears, a class of kernels
A
avpecrdd. that exhiibited a marked alteration in pattern of vairiegation,
The number of such kernels is indicated by an asterik, These kernels

were colorless except for ﬁ?ﬁgynor several very small dots that exhibited

the Ay phenotype, It will be noted, also, that on those ears in wisch they

. l“r] i

rurkerxefxihern appoared in an-recisble numb-rsg, likewise exribited a
marked increase in the proportion of the colorless Sh, class of kernelgi
As will be shown later, trese totally colorless, Sh2 kernels, with rare
excentions, belong with the veriegated class of kernels, On a few of the
ears whose kernel tyres are entered in table 5, one or several kernels

exhibiting only one or a Yery few small dots of the Al-type pigment likewise



Quﬂiﬁaﬂu“_ﬂujnmb’
were present but because the table e eorptteeted, the%F wers not

iy

indicated in ip)and a—degerintion of then was deferred until this time,

A Y 00 f
It v be memficmed no¥, however, that studly of the progeny derived from
tieerme kernels wé%h:aﬂ¢s§ very decided modificati n of variegation expression
revealed the Spm-w state of the Spm element and this will be considered iIn

o
-0
detsll in section OO) It <**ould be mﬁntﬂoneéahssc that the kernels

waulld : <
p,aﬂu»\, a\x’lgm«dzm{‘ W {v M ko Wﬁa&o
exhibiting the_modlﬁ1@d~¥£¥&£@5&ﬂ£ﬁ%4ﬂ¥b%ern were not always randomly

distributed over the ear, n some ears, thev were adjacently aligned,
forming a cluster on the ear,
In addition to the test crosses conducted with plants in culture 669%
weo
already described, an ear of a tiller of plant 6$629A-2 and 6629A-) hedlbwen

4 et 6 27R Y
self-pollinated and pollen collected from thi tiller h >laced on the

A

8ilks of a tiller ear of vlant 6629B-2 and 65629B-6, The ratio oi kirnel
tyres on the resuvlting ears need not be given here as tey add little to the
. . My -
information alrcad: i . Howevir, the phenotiypes of some kernels among
them served to illucidate the mode of operation of the inde;:endently located
element and this will be discussed shortly after the test cross-s with plants
in culture 6678 are considered.

As ment’oned carlier,page 00, the plants in culture 6628 were derived

from the pale, Y, pr class of kernels on the self-pollinated esr of nlant
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6OR6C-L which was homozygous for alm’l, Sh, and pr but hoterozygous for the

or not m-1
alleles of ¥ (Y/y)s In ordder to loarn whether/the derivatives of a

Rt

in each chromosome 3 would express the pale phenotyre an@Ain the scmme manner
7

by each, these plants were crossed vy plants homozvgous for a1 sh2 and Y.

All Fernels on the rosulting ears were unifor-ly pigmented and the grade of

Intensity of this was the same in all of them, Some of the a" shz, ¥
waid w Bo ot tumo B plantt o culliue 6615
tesser plants were akso homozygous for Pr whoreas other were homozyvgous for

" ol w4y

Pr. From comperisons of pigment type in kernels on ears produced by use of

A
U&uﬂw

thekbe two tyes of tester plant, it was cdeesdy arparent that with Pr

present, Xk®m an intense anthocyvanin pigmentation a ~eared in the aleurone

o> Nuducel
layer of the kernel, xmx=Enkk thet eaednc when A1 is present,

the intensity of anthocvanin pigment in Wy riduue 2a SoMpatLoA
In contrast ,/those that were homezygous for pr was ruch less then—thet
- . A
\)3*‘)‘ Yuet ol bppinto W@P% distinguishing
wolch—is—predused with A4, There euld be no oerfusien in idmmkiRyimg

a. ) SO O Rormf
e pale, pr, ei=mss from &=e Aq,pr edass, With this in mind, attention

D 3. (N
witi=%be- given -to the note entered at the base of T table 5 and table 8,

) O
Here is given the number of kornels th-t expressed the full A, phenotype

xikxnﬁxnki&kx in the pr class, Those of this type in the Pr class could not
Ly : . .
vk caleotudy et , , ,
abu¢§ be distinguished Rrkmxkhke# ee—rosdity and therefore they are included in the

pale classes in these tables, The fre:uency of appecarance of kernels

with an Aj’phenotype is so low that inclusionf of a few of them in the pale
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HJUwu%)Eg}ko
dedvehgwo Areuwm me“’“’m s
classes does not invalidate thgasigﬁiﬁécanse of the—given—pettos in Thee

tenivss, ‘In this regard, it may be mentioned here that in subsecuent study

m-1 m-1

of ay it was often necessary to use anothor state of ay that gives
APE”
rise to k rnels exhibiting a,nale pnenotype in both the purple (Pr) and
h ~

N v

red (pr) classeé)tbeéﬁéafcadily disti-guitsiret T romrtheporpte—=nd—xed

v :
claﬂégﬁ_nzgguaad;hymal.)
’ A
In examining the kernels on the ears derived from cross of plants

6629B-2 and 6629B-6, which were y/y, by plant 6629A-l,, which was Y/y) some

nm}_@m Jornel s Uy ﬁlﬁd w oddllin s 6&0!}»@'3— el < p il

that had sevew=l areus exhibiting thy pale phenotvpe.
A
the pigment in
In the Pr class,/these areas wase quits intense, In the pr class, in
contrast, the pigment intensity in theyn amess was kow, . Ipghfact, with
exhbitied

respect to pigment imkmm=ikiwx, the pale areas/mmxE similar kmxkRwxmx

A

intensities ef—pdguemt as those expressed by the pale kernels in the Pr and

on ears
pr classes ofdeeemeds/entered in tables 5 and 8, In plant 6629A-l, one

K wen
independently located controlling element was present and carried in its

b Of>0~WW"“"’%

¥-bearing chromcsome, By mesns of crossing over, some of the Ycar*r;\ring
A

gametes produced by this nlant shou®d have this element, and ﬁ the

crosses with plants in B629B, some kernels on the resulting ear should

- _faine”Qd\}Q sopt ‘dA}JLQWJM
h&¥e~9ﬁ}§—0§€»egi££%%j— V&&k

element and carrig? in the Y bearing chronosome,
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Among the ¥ class of variegated kernels on this ear, several k=mEYs were

wits0d & allurovesd

found that exhibited white starch immediately benigh g pale area, and the
A
amn e toars
correspondence in their borders was exact, A Thex ‘e seemed little doubt that

4 Coueast oy pote gudiguaccd yll) atud ool oy

was associated with loss of the segment
A

~bearing 6
of the ¥,chromosome/that removed both ¥ and the independently located

<uf- tousded b Cozeductod tom b

controlling element, In other words,ﬂthe pale areas apvcaring dn the
-, e

\ 3e—%ﬁg—g@ﬁ&&%ﬂ@ﬁeesg£jg;;;E ‘ ",
variegated kernels disxmwk srbse RremxmmkakimmxkukxkmW¥removal (or inactivatio

, w}: wwmmw OB ruxs g Futo elouusnl 1Bt w 2opitrtgn ) Tp pv‘”f‘%i@
s T e

ter) of the independently located controlling elementA
QJ‘WA ot KCowedirting D frova (V0lier Y. e U gn@,,l-weaw

No attempt was made to cross plants of culture 6629 to those of
culture 6628,wh¢ich were homozygous for a derivative of alm’l and for pr,
and vy, Similar types of cross had been made in the summer of 1951 even
though the ears derived from them had not been examined, However, on one
ear of a plant of culture 6628, which had been used in a cross with a plant

homozvgous for a7, sh2, ¥, and pr, a single variegated kernel was present,

?&HuﬂQub W 24 (Jitinogl
It was a contamimant in that }%—a&d Pr and Y instead of »r and y, &
¥ WP
6bVlOu31f wa@:ﬁﬁfiﬁgﬂ from functioning of a stray podgn grain produced
ol g ovg R

by a plant in culture 6629A, These plants were growing in the next row
1

and were immediately adjacent to those in culture 6628, Since this
R\\r{ mt’%qmo{,ﬁ/\ﬁ\pw
kernel showed spots of deep pigment in a colorless background as—well-as-a
A .

O

~few pale-—eaxess, it seemed evident that the independently located element
A
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in the alm’l system had a duel function, In its absence, alm’l

functioned in the production of anthocyanin pigmen@)altnough in a manner

owthe oy fvaud

not tTIEEFY cormparable to A4, In the presence of this element, all
A

evidence of this fsbien was suppressed, In its absence, the-wmode
behaued eno- aYable alddocg By,

offunctioningeof alm'l was—constand, no chan In

Lo 00uT5;, o) ok

1ts presence, on the other hand, return to bhe Al -ty e of—funcbieeg]

w et alid R lho PRS0 pegscd wls gl

exXmresalion w¥o8e in some cellﬂ, end the time during development wh en this

chang- in modé of action occurred I=—=—ced3d, and the number of cells in
W Y0 Moty @ fuee W wip W @pT e ol utling cpun Ged g 0124

which this took placg}was geneticelly controlled.qi Lerefvl examination of

ears produced during the summer of 1951 was then immediately undertaken}

nnegﬁh-&ns;ght—&nte the mechanism agssociated with control of gene action

at a_ ™1 had been gained to allow meaningful interpretations to be drawn

Wl . st W8, V{Jndhm{umvlﬂuobﬁ&vﬂt&@m/ﬁhf-
from tkem, which-had-not been-true -un-bo--Hhais--bime, These examinations
substantiated the interpretation of the mode of op-ration of the
1ndebendenﬂxelement and therefore this element was given the designation

A

Suppressor-mutator and symbolized as 8pm. Before considering the evidence
obtained from these examinations, a resume will be given of the results

so far obtained, the interpretations drawn from them, and the problems

they posed,
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Studies outlined in this and the previous section were conducted

with the progeny of oneplant, that of plant 5719A-1., In tris plant,

Mem

4
the expression of the aq leene, carried in one of its chromosomes 3,

m-1
l L 4
secticn ‘ o ' ‘&)M‘QMJJWW>7'?R"(
As stated in mxrk 3 of this report,diblwas considered be—hs¥e, an altered
‘ A 1

was very different from that given by the parent plant having a

state of alm”1(:¢ In plants having this state and also Spm, small streaks
with .
R deep-anthocyanin pigmentation apvear in a non-pigmented background

although occasionally, a large area exhibiting this ohenotvpe may bppear,

In the kernel, small xpriwxhAtingrxirgpxpignenkakinnx deeply pigrented
spots avrear in a non-pigmented brekground (photo, ) although, here also,

ancaslionally, a large area of this type aprears, The desemibed /70MY
phenotype? wexe exhibited b~ the kernel that gave rise to plant 5719A-l,
by phe plant itself amd-it -else arneared in the ma jority of variegated
\ -
Lot 571G -
plants and kernels in the progeny of jA& that wewe carried through three
Loy beon
generations,  However, on some test cross cars produced by some of the
progeny vnlants, a few kernels anpeared that exhibited a marked deviation
from this pattern, In them, the number of deeply-pigmented spots was
very much reduced or none apvetred, HNo explanation for this had vet been

found, Also, on a few ears produced by the test cross, a ke nel

exhibitin-the full Aj-type pigmentation appeared, The nature of the
J



m-1

responsible for thelr anrearance had not yet been

determined QAMI}U-&Q V"UJM WMMU &&U@WM v MMZ’?A/J}&‘&/
i %uu\{o i in o sgbwe Scf s (el Dbl o 2 peiou.

In the absence of Spm, the 5719A 1 state of alm"l gave rise to

change at a
& 1

plants thot were uniformly pnigmented but the intensity of this, and its

M)MW/DM anVicu bwwb'; R,

distribution within the plant diffexed & e 1,‘
4

pﬁesant."The kernels were likewise pigmented An the absence of Spm
<

and this rigment was uniformly distributed over the aleurone layer of the

kernel, It wos intemse when Pr uas-—wressent but wei 11ioht when the

prduec v thy alebpre of Span

wal)
k “nel? were howoz ‘pous for pre The phcnot: we anprared to be cuite

w\p:umm u)M (*,ow;nud W mewmm " ‘%—‘

gtable aﬁé

%M‘ WM' ; - "1- Loy | - -

these-nlants were e;tbepuse}f-nelllnu%e&~er crossed by-plants-in-the

tester stocks thit-—were hromozrgons-£0w-ay o
From the ratio of pale to vuriegated kernels on the ears mroduced

the
by/test cross of -lant 5719A-1 (C, table 2), and from the ratio of these

(tablon 2T %)
kernel trpes pn ears produced by test crosses of its progeny, it wos
concludeq that plant 5719A~1 had at least three Spm elements in it and
that one of themn was located in i1ts y bearing chroiiocsome, Howevzr, the
number of tiils element in the progeny derived Ffrom a test cross did not

alwars conform with that expected, and the test of vnlant 6l152-3, table 3,

1llustrates this, It was expected to have one Spm element but the ratio of
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pale to variegated ke -nels deviated markedly from the expected one to one,

4P NOe. wath ot porty o) B asugdy ff«’«wf

Also, similax tvpes of test conducted
A

/Lm&pmeuamu&uﬂ»

cretimes EANEXXXREXREX praduaesd

of those two classes%}m&) worh
ﬂiw ratlof/on—%ha—nwsu}%&ﬁg~eacs that did not agree w5k one amother,

same plant or with nollen

This suggested that the Spm constitution in different parts of an

a0 W PO

individual plant wemé not alike, It was susvtected that these dirferences
A

arose from somatically occurring transnosition of Spm,but no tests of this

had yet been conducted,
3T \ s
» oy O*MWL@A? (Y
As emphasized above, He interpretations of the Spa-er-r—zggsham
A

were drawn I“rom evidence ob@m ined only from this one isolate of alm’l.
A calm,
o P wveasgliow palliam @0 @rtuluet
Others that preduced quite different phewnedsves had been isolated, It
A

\
was therefore necessary!/to determine to what degree the behavior of each of

them wculd conform with the interpretati‘n that had evolved from study of

;ﬂww Sowp ‘ 1ﬁmﬁtﬂﬁﬁtwﬂhlb

41one. ‘ﬂTbsts had been conducted withAthem during the summer of 1951

and when the ears produced by theze tests were examined, it was rmalized

Qoruise o 24 el 4 ove o oo : ollgy - - \'WMJ W wtenetan o Reep w mund
that the interp:> etatvonAw uld apply tn4them. E Mt we?e ceorsidened that

each isolate of alm’1) orlglm.lly selected because of the modl*led

0. Rk

variegation p:z tternAlt had exhibited, arose from some alteration that had

occurred to the original alm’ljand that each such alteration was r sponsible

for the tyre of variegation pattern exhibited in the presence of Spm and
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also for the type of expression given in its absence, Some of the

evidence for this mew now be reviewed,
MM;WW Mwwq—‘w w¥apdabiy %) e P""’”"Mé‘
ig. SebEtentidiicn ofshe-rode of ~ction O Spm , At
1 meiuidualid S it e -m~1.
During the swmer of 1951, plants were grown from selected kernels
527])
carrying plan%ﬂto those

m=-1,

on ears produced by crosses of the original al

that were howmozygous for aj. Fifty-two -lants were derived from kornels

, 2el wén
T1pl exhibiti-g the mattern of varieg:tion pgﬁdnsad by this original state of

|

e :

a9 1 (photo, ). Seven were derived from kernels whose aleurone layer
y):' ,&Qlﬂﬁ

was uniformly pigmented but the intensity of this was-tow, In addition,

A

,afﬁ,matxvu4f *r-
modified patte rn§ of

Ry -

variegation, One had very many small deepty-pigmented spots in a colorless.
A

Packground., The other h (wbdz <2 al( o —&a-aadit*;giisgggg?fj

lavge;deorty-pligrented-aveas, In addition, kernels were selected from
tondueled wardt g gy
ears produced by crosses(c? some of the plants grown in the greenhouse
A
)
during the winter of 1950-51, Selections werc made f“om4enr$ produced
oy the pleuld howwg o omi A
either by self—polllnatlon or by a cross with a plant homozygous for a4,
A 1
Rorwala W\W E\n W o acki )
haﬁéigggt plants 57004, 5718, 5719A-1, 5719A-2, and 5720, The—ratin
4 4 -

‘ﬂwmﬂw wibs Aot Y Lisno Moy % be rowm w v Altsstan o 195 |

oﬁ—kepne;—txpes~an.ﬁara~pngduced by -prants 5718, 5710A=]-and--57194A-2

DWL ot blowr. Tol 4. w (fasty C’?meﬂdiﬂw T et Thou be

are entered in table 2,

Cownvelonded -

plants were grown from two kernels
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Plant 57004, derived from a very pale colored kernel, developed

X § (ﬂl—w Wos
intcnse anthocvanin pigment in stalk, leaf-she th, and glumep., . Itdwgsa

used in a cross with a ylant homozygous for 890 smd On the resulting ear,

half of the kernels were very pale colored and half were colorless,

1T Jed el
Lh;s—ﬁ%@ft ¢arriod a derivative of al ?ﬁhat had been received from The

1 / ity 2
.. m= . n e s . . ) .
original al plant, in one o¥=ida chroocomeg 3 and al in the otge?.

Plants were grown Irom some of the pale kirnels on ti:is ear,

From the self-pollinated ear of plant 5718, some of the voriegated

~ ! f (£ e
Do pallod o Guo wio @matd B apolh wa totnses) Dodioud (4200 —)
ke nels were selectsd and plants grown from them, Plant 5720, described
A

. . - « s m=-1 . o sy
in section 2 , had a modified state of al in one oE=dbe chromcscretd 3

T{/LUJ LTS {_‘z'f'\,{sz).l)f; (?aXL 4 ( ,;.';@2-:“{
and a; in the other, The—modified state produced both large and small

areas in nlant and kernel that exhibited only low levels of nigment <wﬁﬁ

R

(Vb =) Lowp O Wnﬂ‘f-ﬁodbuﬂﬁeﬂmaudwh%
intensity in them. ;N riegated kornels fxmom the several esrs produced by

A 1 A
o utll MWMﬂ)gwuunwymbrta,;
crosseﬁxuish—%t were sown in this summer of 1951,
et
On the self-pollinated ear of plant 5719A-1 and of vplant 5719A-2,
(&, table 2) A
A0 3y odh 5w ok vas

1 and on ears produced by cross ol trese *lanu$ to b}eﬁ%s homo_ygous for aj
A A )

"‘C\\llfﬁ-’ ,C(I e .
(C, table 1), some koinels avmocsred thau hadApareas of virious gizes
‘@ ey

A LEN W AT A . 1.
0 ﬁm""m» PAQQUJ;U}( fMutLﬁm b &U,t()/f wa IA/ [ A<t fl‘t"fVJ‘p Xe:

exhibiting a—pmle—praenctype 1n qddltlon to the deeply-pigmented spots
TSRO § (‘“Niub -+ —-\ VLS

which avpvcired in all variegated kernels, The number ol such kernels
A - s
1 rle gf:éﬁ Ko 1,(LLQ.
among the variegated class was low, The majority ol &kem exhibited only“fi
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jLdetd -

auM

(M&:\ Hon JL&M e fﬂ%“‘ S T
ool st AT

decply-pigmented spots Bhrat were neorly alwevs small in size, Theretere,

rmagt g bk i o) f%mwoa'tcd\wwu mf! Zeuu; weq,m Oy @l joflu wley o0l uﬂ,dwa‘i%

ol ﬁlanbu were grown from each jol=S8 ernel,
ol tatiy Hhe &
T:ble 9 is_cnnstructed—$9~ehewﬁgg%gtV“es of kernels that were

Couduetod with’ 37008, 5117, S19R, D TGN
selected from ears produced by crosses 3\‘n]ants 2205 =

O,L\dﬁf)-lﬁ-\,
and the culture number given to the plants derived from each selection.

fﬂub&

Discussion will commence with tests conducted with plants derived

Une o [ ol
from selected kernels on the ear produced by the.cross of nlant 57194-2
A

om0 st 03 om tong o plaat”

be—ene that was homozygous for aj. Plant 57194-2 was alm"l/a1 in

(C Wblo2)
constitution, On the eor this cross produced, thers were 2l uniformly
/\
Aq--tyve
pale colored kernels, 250 kernels exhibiting dots of deep/color in a

colorless broekground, and 259 totally cclorless kernels, Among the
variegated class of kernels, some showed, in addition tc the deenly-

pigmented dots, arcas of light pigmentation, all of w:ich had the same

wumuui\oud abpe one of the

grade of intensity. In a few kernels, kmexe lightly pigmented zreas wase
A\

large, covering as much as an eighth of the area of the alwm rone laver,

e pale

Theve was, however, much variation in size of arcas within a single
kernel, Some of the kernels exhibiting these areas were selegted anc. the
plants grown from them given culture number 60814,

The frecuency of apneorance of different classes of kernels on the

O’A\\QA‘MHA A L’Jf'\wwlpo‘[l‘é} OJVQ ‘\.n)y\wa” <'U/U‘/L!A

self=-pollinated ears, on ears produced bvacr0°ses with plants hemervgous
A A )
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Q\% ‘d\/-‘/%

for al, are gilven inAtable 10,F%

- ,
Tl it

The ratio of kornel types aprpcaring on/ears pnoduced_bg;iﬂst_crnssss_biﬂlﬁL

A

~dud vpt 09nee wuh vhet

thegg;giansb e tly -from—$leege appearing on ears nroduced by

¥ize
similar types of test conducted with the parent plant, 5719A-2 (A, B, C,
n
ranaltne el
table 2), There was a marked reduction in faequencyﬁoﬂmapne&?&ﬁee~e§wthe

A, S
variegated claseef kernels and an equivalent incresse in tiis of &
eolerd o, w tar foaudy Yhak woe e 1.2% edod

pale &i==8, In-the pale clasg, gigment intensity was greater when Pr
A

was present than when bk Lowever, the

Pr-carrying kernels in the pale class could be distinguished readily from

those that exhibited the full or near full Al tvpe pigmentation, This is

with W b
in contrast to the pale, Pr class apmmaxgim produced ky state Fi9A=3

et flom plau 5T1GRA

aq " where difficulties were encountered in making this distinction, as
A

described in the previous section, N T

Frow o MJ ml.pﬂ MMM /mfﬂsél . 'o

QQ—thaﬂbas;&~e£~tbe ratloﬁ'gt&en in table 10, the 2nsn==#sd censtitutior

vabJUVV%;g w 0oovnze| U be ek ulueb. et G
theae plantg wth—ressect—=feo=Bpm is given in the last column. B s

tT by opponcd oo To ko Yot plne wa, LU Wil poaks Q—au,g_aw. Mﬂaﬂ

dillfecant parts of a_ si zﬂp

MWWWWWMW /mauuazkogpemah -5,

in this-wesghoot, FpomHkig, 9t is dgngﬁﬁgd that plants A-2, A-3, A-lj, A-6

” A
8 wln oy = X Qmﬁv
an@AA-B had one Spm, whereas plant A-5 had two Spm elements located at
/a,

A different position# in the chrcmosome comp’erment,
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Hearly all of the variegated k-rnels on ears produced by use of pollen

. hesrun g v S pan
of 3—Spw carzwing nlants on silks of plants homoaygous for a; (C, table 10)

A
had, in addition to dots of Al-type pigment, areas of v:rious sizes
exhibiting the same grade of pale pigment that is present in the pale chiss

of kernels, In other words, these kernels were similar in phenotvpe to

the kernel from which each plant arose, Sanme _kernels-of—rtrtVSE TIREV1se

by
appecred among-ithe wisiegated-eless—on the earrroduced-fram-use—efpitten

by e Bubituag Ao &y By i A enlors Yoehepud
from-pient-A-b, Among the FG12&@#@%%%%&&&%%&Lkﬁmﬁe;6 produced by the

wee LThey Whee

reciprocal cross, B, table lﬂ,theee—exhébé$éag pale areas bthet—wexe—eof

B - Pale areas wewe—presomt—imrsome—erneta—bub—tihey
Ware Sl lia—e8ide—and—few—ta-Rwmber, It was learned in the previous

section that such pale areass could be expected to appaar if, for some
reason, the Spm element (s) in them is lost from an endosperm cell during

C ov unedhvahow, aee podhon- paad-)

developmgnt of the kernel, If one Spm element is present, los%\of it
from some cells at various stages in development would r-sult in the
appearance of pale areas of various sizes, If two Spm elements were
present, simultaneous loss of each or successive losses of them wouvld be
required in order that a pale area would appctur, Because the female

parent contribute two identical nuclei to the endosperm and the male parent

only one, the initial Spm number in the endosperms of variegatcd kernels,
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entered in B of table 10, would be at least two whereas the initial Spm
number in the majority of those produced by the cross of plants of A-2,
A-li, and A-8 in C of this table would‘be but one, It was obvious from
obscrvations of ke:nel tynes derived from all erosses entered in table 10
that a relation existed between the number of Spm elements in a kcrnel and
and

the freauency of aprearanced the size range of pale areas in it. The
Spm elements was being subjected to some type of modification but the nature
of this was not discovered unti} later,

From the same ear that produced the kernels from which the plants in
6081A were derived, another variegated kernel was selected,. It
exilbited only the deeply-pigmented dots, HNo pale arcas were present,

o Dod been Reloeted don neprus Wak do wsy now Couporm us »

A Plant 6081B was grown from it, The types of kernels produced by self=-
pollination anqAreciprocal ¢crosses with plants homozvgous for a,, are
entered in table 11, The ratio of kernel types on these ears suggest
that this plant had more than two Spm elements in it and these ratios
conformed with those obtained from the parent almyl plant, 5719A-2 (A,

B, and C of table 2), It would appear, then, that selection o; variegated
kernels exhibiting pale areas of various sizes in addition to the dots

with Ay type vigment in them, 1s an effective method for selecting those

kernels on an ear that have only one or occasionally 2 Spm.elements&MT&mu'
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A test conducted with plants derived from variegated kernels on the self-
pollinated ear of plant 5719A-2 did not negate this,
From the self-pollinated ear of plant 5719A-2, variegated kernels
bu¥ wo ¢ ole ueP

having o®%y dots of Al were sown under culture number 60800 There

was one variegated kernel on this ear that exhibited a number of pale areas

Wush; 2 010,

in addition to the Al dots, The vlant grown from it was given culture

number 6080B, Reciprocal crosses of this plsent to plants homozvgous for

[

W Wl yip

&y produced the kernel types entered in table 12, This plant proved to be

homozygous for the xkmkm 5719A-2 state of alm’l. From the ratio of kernels

|54rM0’J

tynes on these ears, it may be concluded that plant 6080B had only one Spm

g f)ﬂﬂp

)
<

y 12 0 A WAL WVJ.(%M

element in it, In contrast, among the seven plant in C of this culture

that also were homozygous for this state of alm"l, only one had a single

onda ey uiliny goo

Sprm element in it,andthe ratlo of kernel tynpes appearing on ears ~roduced

A
4

el 2

by self-nollination of these plants and by reciprocal crosses of them with

7

1
~

plants homozygous for aj, given in A to C of table 13, indicate this.
Tests conducted with some of the progeny derived from ~lant 5719A-1

were <iscussed in previous sections. 1t was obvious from tﬂem that plant

1ol Loy

i TN
5719A-1 had more than one Spm element in its nuclei. Kernels derived k§$§ T

the ; §
from/self-pollinatédnear of this plant were grown under culture numberd .-

o 1uub e g s wamm%»wme LOkbR, O ). pfuntint
0£:¥ﬁfiﬁg&£ﬁ&:kﬁfﬁﬁis

6016, IPn thi eap, there was a small number
OMW{{W/MQ,M frasho " ol 5 TGR

X
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0‘ .
e type Tests of them indicated that in Z of these three plants one Spm
w0t od pants o4 thew 1ot wie ok poitl oy U
was presentband in the third, two Spm elements w%ggﬂgregent, &&—tbequ&ﬁwm”%
v N o W n A
RochA)iho three Gt 58 plauity w b046C. Hiod @ Spam ety (Tobty \§)
datadn—tabledh—inmdiembe, Again, it was noted that the variegated kernels
n Coue e

75
O vt LU puather 6046C
Q}a i 1\
N that exhibited some pale areas in addition to the smal%Nspots)wééh_Ai-
g type ni gnend—in—ilaem, Three plants wese derived from kernels of this
Gy VAl 3 pomutty w LOUG, (Tabod)

-
N

on ears entered in C of this table were characterized b the appearance of
pale areés in addition to the A4 spots, whereas these peke areas were
rarely exhibited among the variegated class of kern’els in B of this table,
Variegated kcrnels derived from the self-pollinated ear of plant
5718 (A, table 2) were sown under culture number 6045, Although 16
kernels were sown, only li plants derived from them survived to maturity,
Two of them were self-pollinated and crossed to plants homozygous for 8qe
The tvne of kernels on the resulting ears are shown in A and B of table 15,
The pattern of variegation produced byhhev5718 state}of aq T s very
sharply expressed, There are small dots of the A4 phenotype in a colorless
background, as shown in photo 00, In the absence of Spm, this state gives
rise to kecrnels that are only very faintlw pigmented, Difficu}ty was
encountered in detecting this pigment in some kernels on the ears entered in

i
table 15‘tha%—e%ﬁ%Q£P%ﬁbee5%ﬁ%ng~%hés—e%&%e—g£m31~«mmbu%—ﬂQ~Spm. Unless

this pigment was undoubtedly present, the kernel was placed in the colorless



